Creeping perennial weeds are of major concern in organically grown cereals. In the present study, the effects of different timing of mouldboard ploughing with or without a preceding stubble cultivation period, on weeds and spring cereals were studied. The experiments were conducted at two sites in Norway during a two and three-year period, respectively, with the treatments repeated on the same plots. The soil cultivation treatments were a stubble disc-harrowing cultivation period followed by mouldboard ploughing and only mouldboard ploughing. The timing of the treatments were autumn or spring. The density and biomass of the aboveground shoots of Cirsium arvense (L.) Scop., Elymus repens (L.) Gould, Sonchus arvensis L. and Stachys palustris L. as well as the total aboveground biomass of the spring cereal crop (oats) were assessed. The control efficiency of C. arvense and S. arvensis was closely related to timing of the cultivation treatments. Cultivation in spring decreased the population of C. arvense and S. arvensis compared to autumn cultivation. For E. repens, timing of the treatments had no significant effect: the important factor was whether stubble cultivation was carried out (best control) or not. The overall best strategy for controlling the present perennial weed population was stubble cultivation followed by ploughing in spring. However, the associated relative late sowing of the spring cereal crop and lowered crop biomass, were important drawbacks.
Introduction
Cirsium arvense (L.) Scop. (Creeping thistle, Canada thistle) and other creeping perennial weeds such as Elymus repens (L.) Gould (Common coach-grass) are of major concern in organically grown cereals in the Nordic countries (Salonen et al., 2001 ) and elsewhere (e.g. Bacher et al., 1997; Cormack, 1999) . In conventional farming in Norway, E. repens is normally controlled by glyphosate application pre-harvest in ripe barley or post-harvest in (all cereal species) stubble. Broad-leaved species such as C. arvense and Sonchus arvensis L. (Perennial sow-thistle), on the other hand, are typically controlled by post emergence application of phenoxy herbicides.
In a survey in Finland the total weed biomass in spring cereals was four times higher in organic versus conventional farming. Salonen et al. (2011) claimed that weed management in organic cropping calls for urgent measures such as direct mechanical weed control in crops stands. Although hardly used among farmers in the Finnish study, flex-tine weed harrowing is one the most widely used mechanical methods for control of weed seedlings in organically grown cereals (Armengot et al., 2013) . Direct mechanical weed control against perennial weeds (in crop stands), as hoeing, are not so common in the Nordic countries, but provides promising results especially in combination with other cultural methods (Melander et al., 2005) . The interest for this measure is growing. Both for preventing huge problems with creeping perennial weeds in organic farming, as well as decreasing the use of herbicides in conventional and integrated farming, there is a need for optimizing the soil tillage operations.
Numerous studies in conventional farming (e.g. Ekeberg et al., 1985; Håkansson et al., 1998) have shown that mouldboard ploughing gives a significant control of perennial weeds. Additionally, there is general agreement that effectiveness increases with the depth of mouldboard ploughing (e.g. Børresen and Njøs, 1994; Håkansson et al., 1998) . The main consideration determining the minimum acceptable ploughing depth should be related to weed control, especially of perennials (Kouwenhoven et al., 2002) . To exemplify the effect of ploughing depth (conducted in spring), shoot numbers of E. repens and S. arvensis, as well as the total above-ground perennial weed biomass, were around 50% lower with deep (25 cm) compared to shallow (15 cm) ploughing (Brandsaeter et al., 2011) . The greatest advantage of deep ploughing was the control of C. arvense, which in some cases was reduced by more than 90% compared to shallow ploughing. This significant effect of ploughing depth on C. arvense may indicate that most shoots arise from the intact root system below the mouldboard plough depth, and not from root fragments. This may again indicate that spring ploughing is more detrimental than autumn ploughing for this species. If the most competitive shoots come from below the ploughing depth and deep ploughing is performed in spring, and the crop is sown shortly after ploughing, spring ploughing may significantly decrease the competitive ability of C. arvense.
In the studies of Permin (1961) and Brandsaeter et al. (2012) stubble cultivation by shallow ploughing before harrowing in the autumn, gave generally the best control of perennial weeds. In the latter study, however, stubble cultivation by rotary tillage gave similar control as shallow ploughing plus harrowing. Shallow ploughing used for stubble treatment followed by another shallow treatment in late autumn has proven very effective in controlling C. arvense (Gruber and Claupein, 2009 ). Also Melander et al. (2012) concluded that intensive post-harvest cultivation followed by deep inverting tillage control perennial weeds effectively on sandy soils. The efficacy, however, may differ between weed species. Brandsaeter et al. (2012) showed generally low effect of stubble treatment in autumn on S. arvensis compared to E. repens, because S. arvensis had probably developed bud dormancy at the time of cultivation (Brandsaeter et al., 2010) . S. arvensis may be better controlled by disturbance, as harrowing and ploughing, in spring because effective depletion is connected to seasons when regrowth is not restricted by physiological dormancy, temperature or drought (Håkansson, 2003) . More recently, Ringselle et al. (2016) studied the effect of timing and repetitions of cultivation in autumn on E. repens. They concluded that a few days delay in tine cultivation did not reduce the control of E. repens compared to such cultivation immediately after crop harvest. A delay by 20 days, however, decreased control efficiency. Furthermore, their study showed that repeated tine cultivation did not improve weed control compared to one cultivation. Although most attention has been given to perennial weeds, stubble cultivation may also decrease annual weed populations (Pekrun and Claupein, 2006) .
Very few studies have focused on the effects of timing of stubble cultivation and ploughing on weed growth. Njøs and Ekeberg (1980) found approximately equal effects of ploughing in autumn versus spring on E. repens. Agricultural advisers in the Nordic countries claim that spring ploughing gives better control of C. arvense and S. arvensis than autumn ploughing (Pedersen and Gustavsson, 2003) .
Improved weed control from spring tillage will reduce both the need for herbicides in conventional farming and the requirement for mechanical weed control in organic and integrated cropping. Furthermore, methods like hoeing (inter-row cultivation) and frequently mowing of annual green manure lays for weed management may have unwanted effects regarding labour input, land use and energy consumption. For example, the use of green manure crops has under certain circumstances caused N losses, especially in systems that have large amounts of fresh plant material on the surface during winter (Korsaeth and Eltun, 2008) . Furthermore, spring tillage will give less soil erosion and nutrient leakage from fields than autumn tillage (Ul en et al., 2010) . The following arguments against spring ploughing are often given by farmers (who traditionally plough in autumn) (i) ploughing in spring delays sowing as it entails more work at a busy time, (ii) ploughing heavy soils in spring results in a poor seedbed due to greater cloddiness, and (iii) ploughing in spring may hamper capillary rise, which can be a disadvantage under dry conditions. The present study addresses the following hypotheses: (1) For the control of C. arvense the season e autumn vs. spring -of ploughing is more important than whether stubble cultivation is carried out or not, and spring ploughing gives the best control. (2) S. arvensis is better controlled by spring-than autumn ploughing, and stubble cultivation in spring will improve the control. (3) For the control of E. repens, stubble cultivation prior ploughing is the crucial aspect, while season e autumn vs. spring -of the cultivation is of no significance.
Material and methods

Study sites, experimental design and treatments
The study was located at two sites in SE Norway: (i) the Norwegian University of Life Sciences (NMBU), Ås (59 40 0 N, 10 46 0 E, 90 m above sea level) with a sandy loam soil (USDA Soil Survey classification), and (ii) Øsaker, Grålum (59 23 0 N, 11 02 0 E, 40 m above sea level) with imperfectly drained clay loam classified as Luvic Stagnosol (Clayic) (World Reference Base, 2006) . Prior to the experiments, both fields had been farmed organically for a number of years, mainly with cereal crops.
The trials at Ås and Øsaker were initiated in autumn 2007 and 2008, respectively, and continued until August 2010 at both locations. Trials were designed as randomized block experiments. The four different weed control treatments were built up by two factors (i) soil cultivation and (ii) timing of the cultivation, both with two levels. The soil cultivation levels were (i) a stubble disc-harrowing cultivation period followed by mouldboard ploughing, and (ii) only mouldboard ploughing. Levels of timing of the cultivation was (i) autumn or (ii) spring. Crop was always sown in spring. The four weed control combinations were: stubble cultivation before ploughing in spring (SCPS) or autumn (SCPA) and only ploughing in spring (PS) or autumn (PA). Individual plot size was 5 by 9 m, and each treatment was replicated five (Ås) or four (Øsaker) times. Treatments were repeated on the same plots for 3 years at Ås (autumns 2007e2009 or springs 2008e2010) and 2 years at Øsaker (autumns 2008 and 2009 or springs 2009 and 2010) (Table 1) .
The stubble cultivation period consisted of harrowing one pass at 8e10 cm depth, once or twice during autumn or spring, depending on date of cereal harvest (in autumn), weather conditions (Table 2 ) and whether the perennial weed species reached the growth stage of their compensation point (Håkansson, 2003: E. repens 3e4 leaf stage, C. arvense 4e7 leaf stage and S. arvensis 5-7 leaf stage; Korsmo et al., 2001 : S. palustris z 6 leaf stage). The compensation point may be defined as the stage where the sinksource dynamics of carbohydrate reserves shifts from the underground organs as the source and aboveground organs as the sink, to the opposite (Håkansson, 2003) . Two disc harrow operations in autumn or spring were planned, but this had to be changed to one operation in some cases due to late harvesting and unfavourable weather conditions (Table 1 ). The harrowing was done when the soil was considered dry enough, by kneading the soil (to 10 cm depth) in the hand and evaluating whether the soil crumbled.
The stubble cultivation was carried out with a V€ aderstad "Carrier Disc harrow" (http://www.vaderstad.com/en/products/ cultivation/carrier_carrierx, accessed 07.03.2017) with working width 5 m at Ås and with a Kverneland Disc harrow with 32 discs with working width 3 m at Øsaker. A Dyna Drive (http://www. bomford-turner.com/cultivation/_product/1/dyna-drive/, accessed 07.03.2017), a ground-driven rotary surface cultivator with working width 3 m, was used to 12e15 cm working depth prior to disc-harrowing at Øsaker.
All treatments ended by mouldboard ploughing (ploughing depth 23e25 cm) with a reversible mouldboard plough equipped with a disc coulter and skimmer. At Ås, a spring-tine cultivator equipped with an under-beam leveller, was used in spring. At Øsaker, the plots were levelled with a separate under-beam leveller, followed by harrowing before sowing. At Ås and Øsaker, respectively, plots were sown with organically certified oat cv. Hurdal (225 kg ha À1 , equivalent to 636 kernels m À2 ) and cv. Belinda (225 kg ha
À1
, equivalent to 545 kernels m À2 ) all experimental years, with a row spacing of 12.5 cm, immediately after spring-tine harrowing in late April or early May, depending on the weather conditions (Table 1 ). All plots were fertilized with 625 kg ha À1 dried chicken manure ("Marihøne Plus" 8 (% N) -4 (% P) À5 (% K)), which corresponds to 50 kg N ha
, prior to harrowing with the spring tine cultivator for seedbed preparation. No weed control or other treatments were carried out between sowing and harvest. After the harvest and the main weed assessment in August (described below), the remaining aboveground vegetation in the field was removed by a combine harvester.
Weed and crop assessments
Weed shoot density and aboveground weed biomass per species and crop biomass were assessed before harvest (Table 1) in two randomly placed 1 m 2 quadrats per plot each year. Plants were cut 5 cm above the soil surface, simulating cutting at crop harvest. The biomass samples were dried at 70 C for 72 h to determine the dry weight. All data were calculated to density (shoots m À2 ) and aboveground dry matter (DM) (g m À2 ) before statistical analysis.
Data analyses
The statistical data analysis was conducted with the MIXED procedure of SAS (SAS release 9.3). The initial analysis of variance indicated a significant site effect. Thus, datasets were analysed separately for each site. Since weed assessments were taken in successive years at the same plots, a repeated measurement mixed model was used to account for the serial correlations between weed observations at the successive times within each plot. Two serial structures for the correlations were considered, unstructured (un, in SAS) and first-order autoregressive [ar (1), in SAS] structure. The final model was chosen based upon the information criteria of Akaike (AIC) and Schwarz Bayesian (BIC). The data was analysed as if they were subjected to four independent weed control treatments because the time of ploughing and crop sowing differed between the two "levels" of the factor soil cultivation. Weed control treatments were treated as a fixed factor. Year was considered fixed because years were consecutive years. Hence, the measured Table 1 Dates for management and assessment operations in the two experimental sites. Perennial weed control treatment were stubble cultivation period before ploughing in spring (SCPS), stubble cultivation period before ploughing in autumn (SCPA), only ploughing in spring (PS) or only ploughing in autumn (PA). responses -the perennial weeds in particular -were dependent across years. The initial perennial weed densities before onset of the experiments were taken into account in the statistical analysis using the initial density as covariates. At Ås, the initial weed density per species was taken from the final weed registration in a previous experiment on the same plots two years prior to the onset of the present study (August 2006) . At Øsaker, the initial weed densities, except E. repens, were recorded just before the experiment started (5 September 2008). Because three perennial weed species cooccurred within the individual plots at site Ås and thus may have exerted interspecific competition, a second covariate, 'the present biomass of the two other weed species', was included in the statistical model (cf. Table 3 ). Specific contrasts were established to test differences between groupings of treatments using the CONTRAST statement of MIXED. The groupings tested were autumn vs. spring cultivation and with vs. without stubble cultivation. Assumptions for the statistical models used (normally distributed and independent experimental errors with homogeneity of variances and no outliers) were checked with visual inspection of standardized residuals plots; including normal probability plots and residuals versus fitted values of the response variables (y). Heterogeneous variances were removed through transformation of the response variables by square root or log 10 (yþ1) prior to the analysis when necessary. Tukey-Kramer multiple comparison tests, at 5% level of significance, were used to separate the least squares (LS) means or contrast of the response variables.
Results
Weeds
E. repens density was high before onset of the experiment at site Ås, on average 44.5 shoots m À2 . Weed control treatment, as well as the interaction between treatment and year, were significant for both dry matter (DM) and density at Ås (Table 3) . Treatments including stubble cultivation (SCPA and SCPS) showed the lowest values for both DM and shoot density all years ( Fig. 1 ) but significant differences of DM were only found between SCPS and PS the two last experimental years, and between SCPS and PA the last year (data not shown). The results for density were more or less the same (Fig. 1) . Stubble cultivation in spring showed lower DM and density compared to both PS and PA (Table 5) . Treatments including stubble cultivation gave lower DM and density than ploughing without stubble cultivation in spring. Grouping and comparing the two treatments with and without stubble cultivation showed that stubble cultivation decreased both DM and density of E. repens. Season of the weed control treatments did not influence DM or density of E. repens (Table 3, Contrasts) . At Øsaker, where the E. repens infestation was low, no significant differences neither for DM or shoot density were found (results not shown). C. arvense density was 5.2 C. arvense shoots m À2 before onset of the experiment at site Ås. There were significant effects of weed control treatment for both DM and density (Table 3 ; Fig. 1 ). The spring treatments decreased both DM and density compared to autumn treatments (Table 3 , Contrasts). PS, but not SCPS, showed lower DM compared to both autumn treatments ( Table 5 ). The number of thistle plants was highest after PA, but only significantly different from PS. At Øsaker, the mean field density was only 0.016 C. arvense shoots m-2 before the onset of the experiment. As with E. repens at this site, neither stubble cultivation nor timing influenced the shoot number or DM (results not shown). S. arvensis density was 13.8 shoots m À2 before onset of the experiment at site Ås. The mean values of shoot density and DM were lowest for PS and SCPS ( Fig. 1 ), but only significant for DM after SCPS compared to the two autumn treatments (Table 5) . However, grouping and comparing the timing of treatments showed that weed control in spring gave significantly lower mean values of both S. arvensis DM and density compared to autumn treatments (Table 3 , Contrasts; Table 5 ). At Øsaker, where the mean initial density was only 0.002 shoots m À2 , no differences were found between the different weed control strategies for S. arvensis (results not shown). S. palustris was not present at Ås. At Øsaker, the mean initial density of S. palustris was low (0.207 shoots m À2 ). Although stubble cultivation appeared to suppress the density of this weed species (Fig. 1) , present data gave no statistically significant influence of either SCPS or SCPA in terms of DM or shoot density (Table 4) . For the total DM of perennial weeds at Ås, present results indicate that stubble cultivation prior to mouldboard ploughing in spring (SCPS) gave the best control, but no significant differences between the four weed control treatments were detected (Table 5) . Grouping the treatments according to with and without stubble cultivation or by season, showed, however, that stubble cultivation and treatments done in spring decreased the total DM of the weeds Table 3 ANOVA table with P-values for the four weed control treatments and their contrasting groupings for site Ås. Treatment to control perennial weeds were either stubble cultivation before ploughing in spring (SCPS), stubble cultivation before ploughing in autumn (SCPA), only ploughing in spring (PS) or only ploughing in autumn (PA).
Fixed factors
Response variable (y) 0392* e *significant at P < 0.05, **significant at P < 0.01, ***significant at P < 0.001, ns not significant. a The density of the actual weed species before initiating the experiment was included as a covariate. b To uncover possible inter-specific interactions, the total dry-matter of the shoots of the two other perennial weed species was included as a covariate. c Two serial structures for the correlations were considered, unstructured (un, in SAS) and first-order autoregressive (ar (1), in SAS) structure. The final model chosen was based upon the information criteria of Akaike (AIC) and Schwarz Bayesian (BIC). ( Table 3 , Contrasts; Table 5 ). At Øsaker, no significant effects of either stubble cultivation or timing on the total DM of perennial weeds (dominated by S. palustris) were detected (Table 4) .
Crop
The factor treatment had a significant effect on crop DM at site Ås (Table 3) , but not site Øsaker (Table 4) . At Ås, PS gave significantly higher crop DM than SCPS and PA, but not SCPA (Table 5 ).
Discussion
The perennial weed species in our study, C. arvense, S. arvensis, E. repens and S. palustris, can be divided in two main groups regarding their response to tillage. The first wherein timing (season) of tillage is most important (C. arvense; S. arvensis) and the second in which inclusion of stubble cultivation (E. repens) seems to be the most crucial factor. Although not supported by the present data, it seems like S. palustris belongs to the same group as E. repens.
C. arvense and S. arvensis are representatives for the group in which season of tillage was of crucial importance. Soil cultivation in the spring gave significantly better control of C. arvense compared to similar soil cultivation treatments in autumn. For C. arvense there seemed clearly to be no advantage of a stubble cultivation period before mouldboard ploughing in spring. We can therefore conclude that our first hypothesis, "For the control of C. arvense the season e autumn vs. spring -of ploughing is more important than whether stubble cultivation is carried out or not, and spring ploughing gives the best control", was supported. Present result on the importance of mouldboard ploughing in spring on control of C. arvense is in agreement with previous findings (Brandsaeter et al., 2011) . The better control efficiency of spring mouldboard ploughing is likely explained by the results of Thomsen et al. (2013) . They showed that C. arvense shoots emerging from the intact part of the root system, below the mouldboard ploughed layer, played a more crucial role than the shoots originating from shallower root fragments. Mouldboard ploughing in spring may decrease the competitive ability of C. arvense versus the crop in two ways: Shoots originating from 25 cm depth or deeper require a significant consumption of the root food reserves before reaching the soil surface. The second explanation may be even more important, namely delayed emerge of C. arvense compared to the spring crop, and hence the relatively stronger competitiveness of the cereal crop versus weeds. To improve the effect of spring mouldboard ploughing on control of thistles it is important to sow the crop as soon as possible after the ploughing. Few studies have focused on the effects of timing of stubble cultivation and ploughing on weed growth. Melander et al. (2012) , however, compared mouldboard ploughing in spring and autumn but did not find any effect on C. arvense. They concluded that decisions on ploughing in spring vs. autumn should not be based on the need for perennial weed control. We suggest that the emerging thistle shoots encountered less resistance in the lighter and more sandy soil types in the study of Melander et al. (2012) . Another explanation for the different results, could be that the actual ploughing time in spring hit the C. arvense plants at a more sensitive stage in our study.
For S. arvensis, soil cultivation in spring gave significantly better control compared to autumn treatment. For S. arvensis, however, stubble cultivation compared to only mouldboard ploughing in spring, generally tended to improve the control efficiency, but the difference was not significant. Our second hypothesis "S. arvensis is better controlled by spring-than autumn ploughing, and stubble cultivation in spring will improve the control " was therefore partly supported. Related to knowledge of the biological traits of S. arvensis, weaker effect of cultivation in autumn could be expected due to innate root bud dormancy (endodormancy) developed during autumn in Nordic countries (Brandsaeter et al., 2010; Fykse, 1977) . The general limited effect of stubble treatments in autumn on S. arvensis, in contrast to the effect on E. repens, was also found in a previous study (Brandsaeter et al., 2012) . ar (1) un un un *significant at P < 0.05, **significant at P < 0.01, ***significant at P < 0.001, ns not significant. a The density of S. palustris before initiating the experiment was included as a covariate. b Two serial structures for the correlations were considered, unstructured (un, in SAS) and first-order autoregressive (ar (1), in SAS) structure. The final model chosen was based upon the information criteria of Akaike (AIC) and Schwarz Bayesian (BIC). E. repens, and perhaps S. palustris, represent the second principal group, in which timing (season) of the soil cultivation does not seem to be of importance for control efficacy, whereas inclusion of stubble cultivation before ploughing showed a highly significant effect. The third hypothesis, "For the control of E. repens, stubble cultivation prior ploughing is the crucial aspect, while season e autumn vs. spring -of the cultivation is of no significance ", was clearly supported. Many studies (e.g. Håkansson, 1969 Håkansson, , 1967 Thomsen et al., 2015) show that E. repens is efficiently controlled by repeated soil cultivation operations, followed by deep mouldboard ploughing. In present study, we were able to harrow two times only during the first autumn at Ås. The subsequent two years only one harrowing was conducted due to high precipitation and low temperature (cf. Table 2 ). If we had been able to conduct two harrowings each season, that might have improved the weed control effect. For E. repens it has been shown earlier that mouldboard ploughing in autumn versus spring gave more or less equal weed control (Njøs and Ekeberg, 1980) . Tørresen et al. (2003) , however, concluded that E. repens was controlled better by mouldboard ploughing in autumn than in spring. However, their spring mouldboard ploughing was relatively shallow, thus making adequate comparisons between seasons more difficult. For S. palustris, very few studies exist, and none deals with the experimental factors included in our study. Among the four weed species discussed in present paper, S. palustris seems to represent least problems. Its occurrence, however, appears to be more frequent in organic compared to conventional cereals in the Nordic countries (Hyv€ onen et al., 2003) .
When designing field experiments including different treatments in autumn and spring, it is very important to be conscious on all aspects that may significantly affect the results. For example, in our study all plots were mowed after grain harvest to prevent the weed species to exceed their compensation point during autumn. This aspect was probably most important for E. repens, since undisturbed stands have a potential to increase the dry matter content of their regenerative structures (rhizomes) between harvest and mouldboard ploughing in late autumn or the next spring (Håkansson, 1969 (Håkansson, , 1967 . Bostr€ om et al. (2013) , however, recommended removal of the aerial shoots of E. repens (and the perennial weeds Equisetum arvense L. (Field horsetail) and Tussilago farfara L. (Colt's-foot)) early in the autumn to interrupt the upload of storage compounds to the rhizomes. In our study, other results may have occurred if the plots had not been mowed after grain harvest.
The treatment effect on crop yield can principally be ascribed to two main factors. The first is how the control methods affect the weeds, and hence indirectly influence the competition between crop and weeds. The second consists of influences directly on the crop, e.g. sowing date, N-mineralization and soil structure, especially relevant when ploughing on heavy clay in spring. Generally, both at the start and during the experimental period, the total weed biomass was high at site Ås (cf. Table 5 ). The weed level was in general higher than in many other studies on weed control in organic cereals, but equal to levels specified in Kaut et al. (2009) and partially Salonen et al. (2011) . High weed levels in our study, clearly higher than the competition threshold (Brandsaeter et al., 2011) , may justify a harrowing period in spring. In our study, however, stubble cultivation prior to mouldboard ploughing in spring gave the overall best weed control, but had a negative effect on the oat biomass. The likely reason is that spring cereals are sensitive to late sowing under Nordic conditions with a relatively short growing season (e.g. Eltun, 1997) . This disadvantage, however, might have been smaller if the stubble cultivation had been combined with early maturing spring cereal varieties. Another approach would be to develop other, less time-consuming stubble cultivation methods. Since the weed pressure, with a mix of different weed species, was rather high, we may have expected that the interspecific competition between the weed species played a role. This was not detected in current study.
Conclusions
Mouldboard ploughing in spring decreased the populations of C. arvense and S. arvensis significantly compared to ploughing in autumn. For E. repens, however, the season of tillage had no significant effect; the importance was whether stubble cultivation was conducted (best control) or not before ploughing. The overall best strategy for controlling the present perennial weed flora and infestation levels was a stubble cultivation period before ploughing in spring. However, this strategy caused delayed sowing of the cereal crop and subsequently a lower crop yield in terms of dry matter. In situations with mixed weed populations of C. arvense, S. arvensis and E. repens, it seems reasonable to believe that stubble cultivation in autumn and ploughing the following spring -a combination not included in our study -would give the best weed control and highest spring cereal yields.
